To determine whether sex differences affect the association between genetic polymorphisms and coronary artery disease (CAD) in the Chinese Han population, we conducted a study comparing the frequency of SH2B3 and SMARCA4 variants in 456 CAD patients (291 men, 165 women) and 685 age-matched controls (385 men, 300 women). Ten single nucleotide polymorphisms (SNPs) in SH2B3 and SMARCA4 were genotyped using MassARRAY technology. Allelic and genotypic models and haplotype frequencies were compared between groups. Logistic regression was used to estimate the CAD risk associated with the genotypes. We found that the "A" alleles in both rs11879293 and rs12232780 of SMARCA4 were associated with CAD risk in men (p = 0.036 and p = 0.001, respectively). The genetic model showed that SH2B3 was associated with CAD susceptibility in both women and men, while SMARCA4 was associated with reduced odds of CAD in men. SH2B3 haplotypes were associated with decreased CAD risk in women (p = 0.007) and increased CAD risk in men (p = 0.047). By providing evidence for the sex-related association between SH2B3 and SMARCA4 gene variants and CAD susceptibility in the Chinese Han population, this study may help define useful diagnostic and preventive markers for these patients.
INTRODUCTION
Coronary artery disease (CAD) is the most common form of heart disease. As a major cause of morbidity, mortality, and disability worldwide, it imposes a tremendous social and economic burden on society [1] . CAD is characterized by atherosclerosis, a process of cumulative deposition of low-density lipoprotein (LDL) cholesterol in the arteries supplying blood to the heart that eventually leads to impaired or absent blood supply and myocardial infarction [2] . CAD is a complex, multifactorial disease. Among its risk factors are smoking, advanced age, diabetes mellitus, high blood pressure, high-fat diet, obesity, infectious agents, increased total and LDL cholesterol in plasma, increased plasma triglycerides, and decreased plasma high-density lipoprotein (HDL) cholesterol [3, 4] . In recent years, considerable effort has been devoted to identifying genes and inherited DNA sequence variants that contribute to CAD risk [5, 6] . In addition, gender differences in the incidence of CAD have caught the interest of many clinical researchers. In the current study, we focused on several CAD-related genes: CDKN2B-AS1, CYP1A1, PSRC1, APOC1, SH2B3, and SMARCA4, previously addressed through genome-wide association studies (GWAS) and large-scale replication studies [7] [8] [9] .
The SH2B3 gene, located on chromosome 12 (12q24), is a member of the SH2B adaptor family. The SH2B3 protein has been associated with negative regulation of cytokine signaling. However, the specific functions of SH2B3 remain unclear. Variants in this region have been shown to be associated with various other traits including blood pressure [10, 11] , blood lipids [12] , platelet count [13] , and type-1 diabetes mellitus [14] . Correlations between the SH2B3 gene and CAD susceptibility have been addressed by GWAS [15] [16] [17] . The SMARCA4 gene is located on chromosome 19 (19q13) and is a member of the SWI/SNF family of proteins. Recent reports suggested that mutations in this gene cause small cell carcinoma of the ovary of hypercalcemic type [18] , lung cancer [19] , and other diseases [20, 21] . Combining GWAS data and casecontrol studies, we reported the association of SMARCA4 with CAD risk [22] [23] [24] . To date, however, no studies investigated the possible correlations between SH2B3 and SMARCA4 genes and CAD susceptibility in the Chinese Han population.
To test the hypothesis that SH2B3 and SMARCA4 gene polymorphisms contribute differentially to coronary vascular pathology in men and women, we conducted a case-control study to examine the associations between single nucleotide polymorphisms (SNPs) in those genes and CAD risk in Chinese Han individuals.
RESULTS
The demographic characteristics of the study population, including gender and age, are summarized in Table 1 . The study included 456 CAD cases (291 males and 165 females) and 685 controls (385 males and 300 females). The mean age of males and females in the case group was 59.56 ± 12.18 years and 64.01 ± 10.74 years, respectively. In the control group, the mean age of males and females was 47.55 ± 10.66 years and 49.93 ± 7.74 years, respectively. There was a significant difference between genders' ages in the case group (p = 0.000), but not in the control group (p = 0.063).
Basic information of candidate SNPs, such as chromosomal position, gene, allele, HWE test results, as well as minor allele frequency (MAF) by gender are shown in Table 2 . Rs11879293 and rs12232780 in SMARCA4 were associated with CAD risk (p = 0.036 and p = 0.001, respectively) in the male population only. In this group, rs2072382 was also significantly associated with CAD but was excluded due to significant deviation from HWE (p = 0.03). Meanwhile, an almost significant association was observed between SH2B3 and SMARCA4 genes and CAD risk in the women population.
The association between each SNP and CAD risk was further assessed using unconditional logistic regression analysis including five genetic models: codominant, dominant, recessive, overdominant, and additive (Table 3 ). The minor allele "A" of rs12580300 in SH2B3 was associated with CAD risk in the female population under the codominant (p = 0.043), dominant (AA + AG vs. GG: OR = 0.59, 95% CI: 0.35-0.97; p = 0.039), and additive (OR = 0.63, 95% CI: 0.44-0.91; p = 0.012) models. In this same population, the allele "T" in SH2B3 rs2078863 was associated with decreased odds of CAD risk in the codominant (p = 0.022), recessive (CC vs. TT + TC: OR = 0.44, 95% CI: 0.24-0.82; p = 0.007), and additive (OR = 0.64, 95% CI: 0.44-0.91; p = 0.012) models. Interestingly, in the SH2B3 gene, rs3742003 in the codominant and overdominant models, and rs7309325 in the overdominant model, were associated with increased CAD risk in the male population. Meanwhile, the SMARCA4 SNPs rs11879293 in the codominant, dominant, and additive models, and rs12232780 in the co-dominant, dominant, recessive, overdominant, and additive models, were associated with decreased CAD risk in this population
We also observed that some haplotypes of the SH2B3 gene were associated with CAD risk. However, the specific haplotypes involved were different in the men and women. One block (rs7309325, rs2078863, rs7296313) showed to be associated with CAD risk only in women ( Figure 1 , Table 4 ). This association resulted from a modest but significant decrease in the frequency of the "TTC" haplotype in female patients compared with controls (OR = 0.59, 95% CI: 0.40-0.86; p = 0.007). Meanwhile, the haplotype "GTT" in another block (rs12580300, rs7309325, rs2078863) was associated with increased susceptibility to CAD (OR = 1.59, 95% CI: 1.01-2.50; p = 0.047) in the men population (Table 5, Figure 2 ). All of the above results were adjusted by age. Next, SH2B3 and SMARCA4 gene polymorphisms were analyzed to establish their potential associations with study subjects' lipid profiles, including triglyceride (TG), total cholesterol (TC), apolipoprotein A1/apolipoprotein B (APOA1/APOB), and HDL and LDL cholesterol (Table 6 ). Results showed that LDL cholesterol levels in rs3742003 G allele carriers were higher in cases versus controls in the male population (p = 0.049). In addition, LDL cholesterol levels were associated with rs7309325 (p = 0.048), rs7296313 (p = 0.040), and rs11879293 (p = 0.013) in the male population. In the female group, in contrast, we detected associations between rs3742003, rs7309325 and rs7296313, and APOA1/APOB levels. There were no significant differences between cases and controls in the other lipids profiled (Table 6 ).
DISCUSSION
In the present case-control study we confirmed striking sex-related differences in the association of polymorphisms of the SH2B3 and SMARCA4 genes with CAD risk. Thus, certain SH2B3 SNPs, i,e, rs12580300 and rs2078863, were associated with CAD risk in women. In addition, we also underscored associations between SMARCA4 gene SNPs and CAD risk in men. These observations may explain differences in the propensity for early CAD development in men and women and may have potential sex-specific therapeutic implications.
The SH2B3 gene encodes SH2B adaptor protein 3, a member of the Src homology 2-B (SH2B) adaptor family. For a long time, the functions of the SH2B3 gene remained poorly understood, until it was shown to affect several traits linked to CAD, including regulation of hematopoiesis and cytokine signaling. A recent study demonstrated that a SH2B3 polymorphism was associated with both lower LDL cholesterol and HDL cholesterol concentration [25] , whereas another study pointed the association of CAD risk loci in the SH2B3 gene with regulation of blood pressure [10] .
Two SNPs in the SH2B3 gene showed an association with CAD risk in our study; one was associated with decreased risk in women and the other with increased risk. rs12580300, an intron-variant in the SH2B3 gene, was found to be associated with decreased CAD risk in the Chinese population for the first time. However, such association is not entirely clear. In contrast, rs2078863, also located in an intronic region of the SH2B3 gene, increased CAD risk and showed the strongest, so far unreported, association signal with CAD for SH2B3. Both loci were selected randomly. Therefore, further studies should be performed to verify the association.
SMARCA4 encodes a protein that belongs to the SWI/SNF protein family. It is the central catalytic component of the SWI/SNF complex, which involves multiple domains including an evolutionarily conserved catalytic ATPase domain, a conserved C-terminal bromodomain, an AT-hook motif, and the less characterized N-terminal region, all of which participate in the recognition of modified histone proteins, DNA binding, or recruitment of SWI/SNF [26, 27] . SMARCA4 is involved in various cellular processes including transcriptional regulation, cell cycle control, proliferation, DNA repair, and recombination [28] . Recently, the association of SMARCA4 with CAD risk has been highlighted by GWAS and other methods [22, 24, 29, 30] . Accordingly, our analysis shows that SMARCA4 rs11879293 and rs12232780 are associated with reduced risk of CAD in men, a result consistent with previous research by Martinelli and colleagues [23] .
Our study is the first to demonstrate that CAD pathogenesis is influenced by sex differences in polymorphisms in SMARCA4 and SH2B3 genes. Although this study had sufficient statistical power, there were still some intrinsic limitations. First, we investigated only 5 genetic variants in each gene, and cannot exclude the possibility that other polymorphisms might also be associated with CAD risk. Also, we did not found an association between rs1122608 in SMARCA4 and CAD risk, as suggested by previous research [23] . Second, the association between SMARCA4 and SH2B3 polymorphisms and clinical information was not evaluated in this study. In addition, no significant associations were observed between the SNPs and the risk of CAD after Bonferroni correction. This may be due to our relatively small sample size, the SNP selection criteria (minor allele frequency > 5%), and inherent weaknesses of the Bonferroni correction itself (the interpretation of the results depends upon the number of comparisons performed). Multiple independent studies with large sample sizes are required to validate our findings.
MATERIALS AND METHODS

Subjects
The study included 456 Chinese CAD patients (291 men and 165 women) and 685 controls (385 men and 300 women) enrolled from September 2014 to October 2015 at the First hospital of Xi'an, China. The subjects presented no within-group relatedness. The Judkins approach [31] was used by highly skilled physicians to perform all coronary angiography procedures. A cardiologist diagnosed each patient according to applicable diagnostic criteria such as typical ischemic discomfort, electrocardiographic changes, increases in cardiac markers including creatine kinase-MB and troponin T, and coronary angiography outcomes (coronary diameter ≥ 2 mm; stenosis ≥ 50%). At least two experienced imaging specialists interpreted the coronary angiography findings, and the final CAD diagnosis was made based on the angiography report. Exclusion criteria included additional syndromes, multiple developmental abnormalities, or known chromosomal abnormalities. CAD patients were also excluded if their mothers had maternal diabetes mellitus, phenylketonuria, and teratogen or therapeutic drug exposure during pregnancy. In addition, 685 agematched Chinese control subjects (ages 50-80 years) without signs or symptoms of CAD were recruited from the same hospital over the same time period. All control participants underwent a coronary angiogram confirming absence of coronary artery stenoses, and showed no clinical or electrocardiographic evidence of myocardial infarction or CAD. We recorded detailed information about the participants, including their personal medical history (hypertension, diabetes mellitus, etc.), familial medical history, reproductive history, menopausal status, and lifestyle habits (smoking, drinking, etc.). All subjects underwent a clinical examination at which a blood sample was drawn for routine blood analysis, biochemical tests, coagulation function, and genetic analyses. Informed consents were obtained from all participants. This study was approved by the ethical committee of Xi'an Jiaotong University, School of Medicine, Xi'an, China.
SNP selection and genotyping
This study selected two CAD-susceptibility genes, SH2B3 and SMARCA4, identified in previous research [25, 32] . SNPs within these genes were selected randomly from the HapMap database. Ten candidate SNPs (rs3742003, rs12580300, rs7309325, rs2078863, rs7296313, rs11879293, rs12232780, rs2072382, rs1529729, and rs1122608) in the SH2B3 and SMARCA4 genes with minor allele frequencies (MAF) >5 % in Asians were finally selected for genotyping.
We collected 5 ml venous blood samples in EDTAcontaining tubes and stored them at -20˚C. DNA was obtained from whole blood leukocytes using the Gold Mag-Mini Whole Blood Genomic DNA Purification Kit (version 3.0; TaKaRa, Japan) [33] and its purity and concentration were determined spectrophotometrically by measuring the absorbance at 260 and 280 nm. Finally, genotypes derived from pure, integrated, and high-quality DNA samples were analyzed.
Genotyping was conducted using a Sequenom MassARRAY RS1000 (Sequenom, Inc.) following the manufacturer's instructions. Briefly, it included a polymerase chain reaction (PCR) amplification assay, designing of primers and probes, purification with Shrimp Alkaline Phosphatase (SAP), addition of primers and extension of the basic group, followed by stimulating co-crystallization by combining sample analyte and chip substrates. The primers were designed using Sequenom MassARRAY Assay Design 3.0 software [34] . The overall success rate of all the genotyping assays was over 98%.
Statistical methods
All statistical analyses were performed using SPSS version 17.0 for Windows (SPSS, Chicago, IL). Differences in categorical and continuous variables between cases and controls were tested using the chisquare (χ 2 ) test and the Student's t-test, respectively. χ test for genotype distribution was conducted to evaluate deviation from Hardy-Weinberg equilibrium (HWE) for the ten SNPs. Genotype and allele distributions for SNPs between controls and CAD groups were also compared by χ 2 test. All of the minor alleles were regarded as risk alleles for CAD susceptibility. Unconditional logistic regression, with adjustment for age, was used to estimate relative risk of CAD for each of the tested genotypes in the form of odds ratio (OR) and 95 % confidence interval (CI). All statistical tests were 2-sided and a p < 0.05 was considered as statistically significant. Linkage disequilibrium analysis and SNP haplotypes were done using the Haploview software package (version 4.2) and the SHEsis software platform (http://analysis.bio-x.cn/myAnalysis.php).
CONCLUSION
This is the first study examining shared genetic influences on CAD risk and revealing a strong sexdependence for these associations. With basis on these findings, further studies on the contribution of germline genetic variants in the SH2B3 and SMARCA4 genes to CAD risk are warranted.
